The essential oil from the aerial parts of Blumea perrottetiana was obtained by hydrodistillation and analyzed by GC-MS. The volatile oil is dominated by 2,5-dimethoxy-p-cymene (30.0%) and 1,8-cineole (11.0%) with lesser amounts of sabinene (8.1%), δ-cadinene (5.3%) and (E)-caryophyllene (3.9%). The essential oil demonstrated notable insecticidal activity against the red flour beetle, Tribolium castaneum, consistent with traditional uses of the plant as an insecticide and anthelmintic.
Rich. [1] . Note that the taxonomy of Blumea and related genera has undergone several changes in recent years and has been the subject of controversy [2] . B. lacera (Burm. f.) DC. (also synonymous with B. mollis) is a common aromatic weed of savannah farms and has been used as an insect repellent [3] and as an anthelmintic [4] . In this work, we present the chemical composition of the essential oil of Blumea perrottetiana and its insecticidal activity against the red flour beetle, Tribolium castaneum (Herbst).
The essential oil of B. perrottetiana (see Table 1 ) was made up largely of oxygenated monoterpenoids, dominated by 2,5-dimethoxy-p-cymene (30.0%) and 1,8-cineole (11.0%); with lesser amounts of monoterpene hydrocarbons, chiefly sabinene (8.1%); sesquiterpene hydrocarbons, mostly δ-cadinene (5.3%) and (E)-caryophyllene (3.9%); and oxygenated sesquiterpenoids. 2,5-Dimethoxy-p-cymene (thymohydroquinone dimethyl ether) was reported to be an abundant constituent of Blumea alata (syn. Laggera alata) from Nigeria [5] and from Cameroon [6] , Blumea pterodonta (syn. Laggera pterodonta) from Benin [7] , and Blumea lacera from Nigeria [8] . In addition to Blumea, 2,5-dimethoxy-p-cymene was also found to be a dominant constituent in Laggera gracilis from Cameroon [6] , Sphaeranthus indicus from India [9], Cyathocline purpurea from China [10] , as well as Eupatorium triplinerve (syn. Ayapana triplinervis) from Brazil [11] , India [12] , and Reunion Island [13] .
An essential oil from Blumea mollis collected in India was found to be rich in (E)-caryophyllene (39.5%) and δ-cadinene (17.0%) with a small amount (2.9%) of 2,5dimethoxy-p-cymene (reported as 2,3-dimethoxy-pcymene) [14] . Another B. mollis essential oil sample from India was found to be devoid of 2,5-dimethoxy-pcymene; the major components were linalool (19.4%), γ-elemene (12.2%), copaene (10.9%), estragole (10.8%), allo-ocimene (10.0%), γ-terpinene (8.3%), and allo-aromadendrene [15] . This latter sample was, however, found to be larvicidal against mosquitoes (Culex quinquefasciatus) [15] as well as antibacterial against Staphylococcus aureus and Streptococcus pyogenes [16] . Blumea balsamifera from Bangladesh [17] , rich in borneol (33.2%) and (E)-caryophyllene (8.2%), apparently showed no 2,5-dimethoxy-pcymene, but did contain dimethoxydurene (this compound is not found in the Dictionary of Natural Products [18] , however). The essential oil of B. membranacea from India was rich in limonene (14.4%), β-bisabolene (38.1%), and aromadendrene (9.6%) [19] . Although this oil contained no 2,5-dimethoxy-pcymene, it did have 3.6% 5-hydroxy-p-cymene-2oxybornylene.
The insecticidal bioassay (Table 2 ) of the volatile oil of B. perrottetiana against T. castaneum (red flour beetle) showed that the activity of the oil was both dose dependent and exposure dependent. Thus, 0.10 μL/cm 2 of the essential oil gave 73.3% mortality after 12 h and 93.3% mortality after 24 h of exposure, while a dose of 0.4 μL/cm 2 of the oil gave 100% mortality after 12 h. Therefore, B. perrottetiana essential oil may be considered to be a useful alternative to synthetic insecticides. Essential oils rich in 2,5-dimethoxy-pcymene have shown insecticidal [10] and anthelmintic [12] activities, so the insecticidal activity of B. perrottetiana essential oil against T. castaneum is consistent, and it is likely that 2,5-dimethoxy-p-cymene is responsible for the observed activity. The results presented here for B. perrottetiana essential oil are consistent with the traditional use of this plant as an insecticide and anthelmintic. [20] . The essential oil so obtained was stored in a sealed glass bottle with screw lid cover under refrigeration at 4°C.
Experimental

GC-MS Analysis:
The volatile oil sample was subjected to GC-MS analysis on an Agilent system consisting of an Agilent model 6890 Gas Chromatograph, an Agilent 5973 mass selective detector (EIMS, electron energy = 70 eV, scan range = 45-400 amu, and scan rate = 3.99 scans/sec) and an Agilent Chemstation data system. The GC column was a HP-5ms fused silica capillary with a (5% phenyl)methyl polysiloxane stationary phase, film thickness 0.25 μm, length 30 m, and internal diameter of 0.25 mm. The carrier gas was helium with a column head pressure of 7.07 psi and a flow rate of 1.0 mL/min. Inlet temperature was 200°C and MSD detector temperature was 280°C. The GC oven temperature program was used as follows: 40°C initial temperature, hold for 10 min, increased at 3°C/min to 200°C, increased 2°C/min to 220°C. The sample was dissolved in dichloromethane and a splitless injection technique was used. Identification of the constituents of the volatile oil was achieved based on their retention data (retention indices) determined with reference to C 9 -C 21 n-alkane homologous series, and by comparison of their mass spectral fragmentation patterns with those reported in the literature [21] and stored on the MS library [NIST database (G1036A, revision D.01.00) / ChemStation data system (G1701CA, version C.00.01.08)]. The chemical composition of B. perrottetiana essential oil is summarized in Table 1 .
Insecticidal Activity:
The insecticidal activity of B. perrottetiana essential oil against Tribolium castaneum (Herbst) (Coleoptera: Tenebrionidae) (red flour beetle) was evaluated by treatment of Whatman No 1 filter Blumea perrottetiana essential oil Natural Product Communications Vol. 5 (7) 2010 1137 paper discs with the oil diluted in acetone. The required quantity of oil (0.05, 0.10, 0.20 and 0.40 µL) were diluted to 1 mL with acetone and applied to filter paper discs (7 cm diameter). Acetone alone was used as a negative control. The filter paper discs were placed in polyethylene cups (80 mm diameter), and the acetone was allowed to evaporate for 20 minutes. Ten mixed sex adult T. castaneum flour beetles were introduced along with 30 g of wheat flour mixed with corn meal (1:1, wt/wt) as food media and kept in the dark in the laboratory at 26°C and 75±2% relative humidity for 24 hours. Control experiments were set up as described above without the essential oil. Each treatment was repeated three times.
Insect mortalities were investigated by observing the recovery of immobilized insects after 4-hr interval up to 24 hrs and the percentage insect mortality was corrected using the Abbot formula [22] . The efficiency of this oil was also compared with Phostoxin® and Chlorpyriphos 20% (Primo-ban-20). Data analysis was performed with the SPSS 12.0 software package Microsoft Excel, Version 2003 [23] . Statistically significant differences were determined using the Student's t-test. The insecticidal results are summarized in Table 2 . Values followed by the same letter within a column are not significantly different at the 5% level of probability using Student's t-test.
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